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Abstract
This paper presents the development of flexible pressure sensing sheets, based on fibre Bragg grating sensing 
elements. The devices feature optical wavelength-encoded sensing signals and show promise in applications such as 
pressure mapping and tactile sensing. FBGs inscribed in highly-birefringent microstructured fibres, reflecting two 
separate Bragg peaks, are specially employed. Prototypes with FBGs embedded in polymer sheets were produced and 
characterised for temperature and pressure sensitivities. An improved sensor structure was implemented aiming at
temperature independent tactile sensing with Bragg peak separation as the sensing signal. 
© 2012 Published by Elsevier Ltd.
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1. Introduction
Artificial tactile sensing device consists of an array of individual tactile sensors; it can be attached to 
the surface of a machine, and endows its host with ability to acquire the contacting information with an 
external object. They can be widely applied in the fields like robotics and medical rehabilitation. The 
tactile sensing devices with higher spatial resolution can function as robot skin to provide feedback and 
assist the operation in unstructured environments; devices with larger sensing areas are employed in 
rehabilitation to identify high pressure areas between the body and bed or the foot and floor, and to 
provide an early alert to potential damage, such as pressure ulcers.
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Each individual tactile sensor is referred to as a taxel, which is ideally an independent pressure 
transducer. Among a number of transduction techniques, including capacitive, resistive and piezoelectric, 
optical sensing technique shows great promise due to its prominent properties, such as immunity to 
electromagnetic interference, absence of local electric current and environmental ruggedness [1].
Specifically, Fibre Bragg Grating (FBG) sensors employ absolute optical wavelength as the sensing signal, 
which is independent from source fluctuation; they can also be multiplexed and embedded into other 
structures. In this work, flexible tactile sensing devices based on the FBG sensors are realised and their 
sensing capabilities are characterised.
2. The Taxels with Embedded FBGs
2.1. The sensing elements
A FBG is an in-line periodic variation of the refractive index of the fibre core in a short segment of an 
optical fibre. It reflects a narrow band of the incident optical fields and transmits the rest. The peak 
wavelength in the reflected spectrum, referred to as the Bragg wavelength, ߣ୆, is related to the effective 
refractive index of the fibre core, ݊ୣ୤୤, and the grating period Ȧ, by the Bragg condition (1).
ߣ஻ = 2 ڄ ݊eff ڄ ߉ (1)
Perturbations, like strain and temperature changes, affect both ݊ୣ୤୤ and Ȧ simultaneously, and lead 
eventually to the shift of Bragg wavelength. Specifically, when FBGs are embedded in flexible polymer, 
transverse pressure load can be measured almost straightforwardly, whenever temperature is kept constant; 
however, a temperature-compensation mechanism is still necessary for other situations. In this work, 
FBGs written in Highly-Birefringent (HiBi) microstructured fibres (MSF) are used to deal with this 
problem. The MSFs have a deliberately designed cross-section as shown in Fig. 1 (a). FBGs written in 
this kind of MSFs yield two Bragg peaks, ߣୱ୪୭୵ and ߣ୤ୟୱ୲, corresponding to the orthogonally polarized 
modes; each peak has a different dependence on strain and temperature.
Therefore, either the Bragg peak shift or the change of Bragg peak separation, ݀୆ = ߣୱ୪୭୵ െ ߣ୤ୟୱ୲, can 
be adopted as the sensing signal, corresponding to two different measurement modes for HiBi FBGs, 
namely the common mode and the differential mode [2]. Only the differential mode is capable of 
temperature-pressure discrimination; but for temperature constant applications, the common mode has 
higher pressure sensitivity.
2.2. Samples preparation
All FBGs were inscribed into the tailored MSFs with a grating length of 5 mm; they were embedded 
into the middle layer of 2 mm thick polymer sheets, by moulding technology.
Two kinds of polymers were selected as the embedding material. One is UV-curable methacrylate-
based copolymer PMMA/EHMA with 20/80 mol% in composition, which has chemical affinity with the 
fibre coating to ensure reliable interfacial adhesion. Dedicated UV transparent moulds, composed of glass 
plates, silicone spacers and metal frame, were machined to produce the samples as shown in Fig. 1 (b) [3].
The other material is a thermal curable Polydimethylsiloxane (PDMS) silicone, Sylgard® 184 from 
Dow Corning. It is widely recognized for its flexibility and biocompatibility. Aluminium moulds with 
fibre alignment features were machined to produce the samples, as shown in Fig. 1 (c). The curing 
process was performed at room temperature for 2 days, in order not to expose unfavourable thermal stress 
to the sheet or the fibre, because of the mismatched CTE between the silica glass and silicone [4].
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(a)           (b) (c)
Fig. 1. (a) a SEM image of the cross-section of the microstructured fibre, with the slow and fast axes indicated; (b) a picture of the 
sensing sheet with three fibres embedded in UV-cured polymer, together with the interrogating instruments; (c) a picture of the 
sensing sheet with one fibre embedded in PDMS.
2.3. Experimental characterisation
Both transverse pressure tests and temperature tests were conducted on single embedded FBGs.
Transverse pressure was applied with a Ø5 mm steel pin and measured with a strain gauge type load cell; 
temperature tests were carried out in a climate chamber, and the local temperature was measured with an 
NTC type thermistor. A commercial FBG interrogator from FOS&S, with a built-in broadband
depolarized light source was employed; it performs peak detection by means of an InGaAs array with a 
wavelength resolution of 1 pm. The obtained common-mode sensitivities are listed in Table. 1.
Table. 1. The embedded FBG common-mode sensitivities versus transverse pressure
UV-cured sample [pm/kPa] PDMS samples [pm/kPa]
Pressure [pm/kPa] Temperature [pm/K] Pressure [pm/kPa] Temperature [pm/K]
Slow axis ߣୱ୪୭୵ 2.6578 11.66 2.6283 32.51
Fast axis ߣ୤ୟୱ୲ 2.6543 11.69 2.6469 32.47
For both samples, the common-mode pressure and temperature responses exhibited good linearity; 
PDMS samples have higher temperature sensitivities due to the higher CTE of PDMS silicone. However, 
the sensitivities of the slow and fast axes have similar values, which imply that the differential sensing 
mode has such a low sensitivity that the measurement would be inefficient with this sensor configuration.
3. Temperature Independent Pressure Sensing
The taxel structure needs to be improved to operate in the differential mode, using the change of Bragg 
peak separation ݀୆ as the sensing signal. ݀୆ is directly related to birefringence ܤ = ݊௬ െ ݊௭ of the MSF, 
which varies due to stress fields, namely stress-induced birefringence, according to:
ቊ
߂݊௬ = ܥଵߪ௬ + ܥଶ(ߪ௫ + ߪ௭)
߂݊௭ = ܥଵߪ௭ + ܥଶ൫ߪ௫ + ߪ௬൯ (2)
where ݔ is the longitudinal direction of the fibre, ߪ௫, ߪ௬ and ߪ௭ are the stress components, and ܥଵ and ܥଶ
are the stress-optic coefficients of silica [5]. Hence, ߪ௬ and ߪ௭ must be distinct to induce sufficient change 
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of Bragg peak separation. Accordingly, steel inserts were introduced into the sensor structure, as shown in 
Fig. 2 (a). The sample prototype consists of two parallel 200 µm thick 5×5 mm² stainless steel plates; the 
single taxel was tested before embedded into a complete PDMS sheet. Transverse pressure up to 560 kPa 
was applied; the Bragg peak separation changed from 1.594 nm to 1.582 nm, as plotted in Fig. 2 (b);
linear fitted sensitivity is 0.0223 pm/kPa (or 22.3 pm/MPa). The stepped response is due to the 1 pm 
wavelength resolution of the FBG interrogator. Since both peaks have similar temperature effects, the 
change of Bragg peak separation is only correlated to the transverse pressure load.
(a) (b)
Fig. 2. (a) a schematic plot of the embedded FBG between steel inserts; (b) the differential mode response of the embedded FBG
versus transverse pressure; linear fitting revealed a sensitivity about 22.3 pm/MPa.
4. Conclusion
Tactile sensors based on highly-birefringent microstructured fibre Bragg gratings were developed and 
characterised. FBGs embedded in both methacrylate-based copolymer and PDMS silicone were tested 
under the action of transverse pressure loads and temperature changes. Common-mode pressure 
sensitivities of about 2.6 pm/kPa, and temperature sensitivities of 12 pm/K and 32 pm/K were obtained,
for the two host materials. Moreover, an improved sensor structure with steel inserts was evaluated in the 
differential sensing mode, which demonstrated potential for temperature-independent pressure sensing.
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